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TENSORANALYZING POUERSIN THE lii(~,?p)nREACTIONAT 16 F43V
i. THE SYMZTRIC, CONSTANT-RELATIVE-ENERGY~NFIGURATIONS*

F. D. Correll,G. G. OhlsenpRonaldE. Brown,R. A. Hardekopf
and NelsonJarmie

Loa AlamoaScientificLaboratory,Los Alamos,NH 87545USA

P. Schwandt
IndianaUniversity,Bloomington,IN 47401USA

P. Doleschall
CentralResearoh Institute for Physics,H-1525Budapest,Hungary

Host Icinematicallycompletethree-nuoleonbreakup experiments
are designedto exploreoertainlimitedregionsof phase apacewhere
the physicalobservable are expectedto be eaipeoiallyaenaitiveto
the detailednatureof the reactiondynamios. Cne interestinggroup
of kinematicconfiguration,whichfirotattraotedattentionaa a re-
sult of Faddeevoalculationaperformedby Kloet and Tjonl and whioh
wore first studiedexperimentallyby van 0ers2t are characterized
by equal polar angles of the two Identioal,detectedpartioleaand
equalrelativemergies betweenall pairsof’partiolea. In auoh oon-
figurutions,a mingle breakup amplitude 18 expeoted to be domi-
nmt,3 and thi8 amplitudela believedto be particularlynensitive
to the short-rangecharaoteristioaof the nuoleon-nuoleon(HN)inter-
action.

HZ have measured the tensor analyzingpowers Axx and Ayz in
thelH(d,pp)nreaotion●t 16 FleV for a series of these ‘symmetrio,
constant-relative-energy”(SCRE) oonfigurationa.The formalismused
in derivinganalyzingpowersfrom dataon reactionswith threeparti-
olea in the final state has been desoribedin Ref. 4, and we have
adoptedthe aymnetrioohoioe for the y ula ● deaoribedin thatref-
erenoe. Here, we reportour experimentalresultsand oomparethem
with the resultsof reoentFaddeevoaloulationausinga separableNN
potential.

Laboratory kinematlo parume-
tera for the oonfigurationaatudled
are listedin Table 1, wherequan-
titiesrelatedto the deteotedpro-
tons are labelledby the aubaoripts
1 and 2. For eaoh of the configur-
ations shown, the polar angleg of
the protons ●re equal, ●nd their
azimuthalmglea, whioh are meaa-
ured from the x axia,●re oymetrio
with respeut to the y axis. The
relative energy of eaoh pair of nu-
oleons18 1.5514eV.

r~~ i. bbOrdtOry kinommtios Of
Cmfiguratiom mtudiodm Partiolam
1,21 protons; partioh 3: nautroil

w

fI~Et e,=e
(:9) (MN) (d (::0) (29) (k)

o 6.51 20,2 0.0 180.0 0,75
6.34 21.2 13.7 166.3 1.11

:: 5.95 23.0 22.2 157.8 1.80
4.59 28,4 30.0 150.0 4,60

# 3.94 30.4 28,5 151.5 5,91
3,24 32.0 22.2 157.0 7.31

150 2.93 32.4 16.1 163.9 7.92
165 2.74 32.6 8,5 171.5 8,31
160 2.67 32.7 0.0 160.0 11,44
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All of theseconfigurationsshare Lhe propertythat they can be
generatedby a rotationof the equilateraltriangleformed in the
C*U. systemby the relative-momentumvectorsof the final-statenu-
oleonpsir~. The rotationaxis ia fixedin the planeof the triangle
and ia perpendicularto the beam direction. That configurationin
whioh the plane of the trianglecontainsthe beam axis and In which
the protonmomentaare forwarddirectedIs takento definea rotation
anglea of O“. For thisconfiguration,and for the one witha=180°,
the correspondinglaboratorygeometriesare coplanar;for otherrota-
tion angles,noncoplanargeometriesresult.

The experimentswere performedby bombardinga 1.2-mg/cm2,ro-
tatingCH2 targetwith 16-MeVpolarizeddeuterons. The targetwas
lcaatedat the oenterof a large,cubicalscatteringchamberand was
viewedby two AE-E solid-statedeteotortelescopesfittedwith circu-
lar ocllimatoraperturesthatsubtendedanglesof 1.5°at the target.
Each telesoopewas mounted so that it could be rotated indepen-
dentlyabout two perpendi.oularaxes to accommodateboth ocplanarand
nonooplanargeometries.Beam intensitieson targetof 20-150nA were
used, and beam polarizations,❑easuredusing the quenoh-~atiotech-
rlique~were tygioallyin the range0.75-o.80.

A slightly modified vergion of the three-spin-state❑ethod5
was used to derivethe analyzingpowersfromreaotionyieldsmeasured
separatelywith the incidentdeutoronbeam in eaoh of threem-states
(+1,o, -l). To minimizethe effeotof targetdeteriorationupon tne
❑easuredanalyzingpowers, :he m-statesequenoefor the yieiclmeas-
urementswas alternatedbetween(+1, 0, -1) and (-1, O, +1). The
deuteronspin axle alwayalay in the horizontalplane and its polar
angle Pwith respeotto the beam direotionwaa set to either45” or
90°, depending upon the observableto be ❑easured. The scattering
ohambw was also rotatedaboutthe beam axis into differentorienta-

4 For th~ two ooplanartiona for measuringdifferentobservable.
geometries,AH was measuredwith p=90°; for eaoh of the nonoopla-
nar geometries,the analyzing power combinationsAYZ-%AXX and
-AYZ-+AXX were ❑e&sured with 9=45°, and the individualanalyzing
powers A= and Ayz were extrnoted later.

9tandard fast NIM eleotroniosand a ❑ultiple-inputCAMAC ADC
were used for the data acquisition.For eaoh eventanalyzed,AE and
E signalsfrom both telescopesand a TAC signalderivedfrom the AE
deteotorswere digitizedand stored in the MODCOW IV acquisition
oomputero Colnoidentbreakupprotonswero rass-identifiedon lin?
and their two-dimensionalenergy-sharingapeotrum El vs E2 was
oonstruoted. The I,00usof kinumatioallyallowedbreakupeventswas
oleurlyevidentfor eaah geometrystudied. There were usuallyfew
backgroundoountsin the vloinityof the equal-proton-energypointon
eaoh 100UC that correspondedto the o,m. configurationof interest
(tho“SCREpoint”).

The experimentaldata were analyzedin incrementsaround the
klnematio100i, usln8 a oomputerprct~?avthat oonstruotedoiroular
Bummingbine whose oenterawere equallyspaoedaround the 100i and
aaaignedto eboh bin the oountsin those ohannelsof the El vs E2
arraythat fellwithinits oirourcferenoeand weru olosarto its oen-
tsr that]to the oentorsof its neighbors, Thisprooedurewas applied



to the individualm-state yields~,za
and the analyzingpowerswere cal-
culatedfrom the projecteddata. 0,15

The analyzingpowers Am and
Ayz in the region of the SCRE 0,0
point on each locus studiedwere “
evaluatedby averagingthe data for 003
the threenearestsummingbins,and “
the resultsare plottedin Fig. 1
vs the o.m. rotationangleu. The 0“00
arc lengthoverwhioh the datawere
averaged ran[:edfrom 1.8 MeV for
the smallestloci (a=llOOand 135°)
to 4.2 MeV for the largest(a:OO).0’5
However, the variation of the
analyzing powers around the loci 010
was gmerally slow and smooth, so
that this procedureis believedto 005
have reducedthe atatistioalunoer-
taintieg in the quoted analyzingooo

powers without significantlyaf-
feoting their numerical values.-o.05
Also shown in Fig. 1 are khe pre-
c!iotionsfor thesequantitiesfrom-o.lo
some reoent Faddeev oaloulations
❑ade with a ratheroom~letesepar--o.u
able NN interaction.6 In gene~al,
the agreementbetweenthe msasured
and oaloulatedvaluesaeema fairly
good, althoughthere is some evl-
denoethat the meamn’edvaluesof
A z tend to be slightly smaller
xw ereas for Am the oppositeappears

L~.~ ~
o 30 00 *O !20 150 180

c,m. Rotallon Ang)e, a (dog)

Fig. 1. Tmaar Analyzing Pcww~
AA vs am Rotation AIIC1O, o.
D8~;: ‘%ta; cu~vaa: Faddeev oal-
aulatians with 9,P,D mnd ‘S1-’D,.

than the oaloul&tionspredi~t,
to be true.
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